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(54) MEMORY ACCESS UNIT

(57) A memory access unit acts as an intermediary
between a microprocessor core and a physical memory.
By interpreting an input memory address supplied by the
microprocessor and formatting data being read from (or
written to) the memory, the memory access unit facilitates

compacted storage of data items in the memory, in a
manner that is transparent to the microprocessor. Also
provided is a system comprising the memory access unit,
a memory and optionally a processor.
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Description

Technical Field

[0001] This invention relates to data storage. In particular, it concerns a system for storing data in a memory, which
can make efficient use of the storage capacity of the memory.

Background

[0002] Microprocessors typically perform operations on 1 bit, 8 bits (1 byte), 16 bits, 32 bits or 64 bits of data. Therefore,
microprocessor systems may be designed to allow access to memory in blocks that are also 1, 8, 16, 32, or 64 bits wide.
[0003] However, some types of data have a different width. For example, a stream of physical measurements (input)
or a stream of generated signals (outputs) may have a width of 4 bits, 12 bits, or 24 bits. Typically, for the sake of
simplicity of both hardware and software, 4 bits of data would be stored in an 8-bit memory location, 12 bits data would
be stored in a 16-bit memory location and 24 bits would be stored in a 32-bit memory location. The remaining bits at
each location are unused, which wastes memory resources.
[0004] US 5,559,969 describes a system in which one or more processors have a different data word width from other
processors and from a memory device. Data words are concatenated so that the resulting data word matches the word
width of the memory device. For example, four 8-bit data words may be concatenated into a 32-bit word, if the word-
width of the memory device is 32 bits. Data may be re-ordered (formatted), for example to convert a big-endian data
word to a little-endian data word. The system improves storage efficiency when the word width of the memory device is
an integer multiple of the data word width. However, US 5,559,969 does not disclose how to store data words in a
memory device when the word width of the memory device is not an integer multiple of the data word width.
[0005] There remains a need for more efficient storage and retrieval of data of any bit-width in a memory having a
given bit-width - especially to allow a microprocessor to access the memory in a manner that is transparent to the
microprocessor.

Summary

[0006] Aspects of the invention are defined by the claims.
[0007] According to a first aspect of the invention, there is provided a memory access unit, for providing read-access
to read an item from an arbitrary location in a physical memory, independently of addressable locations of that physical
memory,
wherein the item comprises a first number of bits and each addressable location of the physical memory comprises a
second number of bits, the second number of bits being different from the first number of bits,
the memory access unit comprising:

an address input, for receiving an input memory address identifying the location of the item;
an address interpreter, configured to calculate a physical memory address from the input memory address;
an address output for supplying the physical memory address to an address-input of the physical memory;
a memory input for reading one or more data words from the physical memory, the one or more data words including
the item;
a data formatter, configured to extract the item from the one or more data words; and
a data output, for outputting the extracted item,

wherein the address interpreter is configured to:

obtain a starting address in the physical memory and an item width, preferably comprising interpreting a first part
of the input memory address;
obtain an item number, comprising interpreting a second part of the input memory address; and
calculate the physical memory address, based on the starting address, the item number, and the item width, and

wherein the data formatter is configured to:

calculate the position of the item within the one or more data words, based on the item number and the item width; and
extract the item from the one or more data words at the calculated position.

[0008] Such a memory access unit can allow data items of arbitrary width to be stored in the memory, irrespective of
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the word width in the memory. In particular, it can enable "compacted" storage of data in the memory: items of data can
be concatenated in the memory with no wasted bits. In general, this means that the items are stored at arbitrary locations
in the memory, which are typically not aligned with the boundaries of the data words in the memory. However, because
the memory access unit facilitates access to each item of data at each arbitrary location, independently of the addressable
words of the physical memory, the compacted storage does not affect the ability to access the items randomly. This
contrasts with, for example, buffered storage of a stream of data, which can allow the data to be stored efficiently, but
which only permits sequential (rather than random) access to the items in the stream. In embodiments of the present
invention, the address interpreter and data formatter allow the input address to be mapped to an item in memory in a
flexible and efficient manner. The item can be accessed randomly even though there is no one-to-one mapping between
input memory addresses and physical memory addresses.
[0009] The input memory address may be received from a processor that wishes to access the physical memory. In
that case, the memory access unit acts as an intermediary between the processor and the physical memory. The
processor may be a microprocessor or a microprocessor core.
[0010] Preferably, the item consists of the first number of bits and each addressable location of the physical memory
consists of the second number of bits.
[0011] Preferably, the memory access unit is configured to output the extracted item via the data output with a bit-
width that is greater than the first number of bits. The output bit-width may be the same as or different from the second
number of bits. That is, the item has a bit-width that is equal to the first number of bits; it is stored in a physical memory
in one or more data words having a bit width equal to the second number of bits; and it is output (for example, to a
processor) with an output bit-width that can be independent of one or both of the first and second number of bits.
[0012] This allows items to be stored in a compacted structure in the memory, even though, when they are output to
the processor, they are provided in a non-compacted format. The memory access unit may be configured to pad the
extracted item with additional bits before outputting the item via the data output.
[0013] The data output preferably comprises a third number of bits that is greater than the first number of bits; and
the data formatter is configured to: set the first number of least significant bits of the data output equal to the extracted
item; and set the remaining bits of the data output equal to the most significant bit of the extracted item.
[0014] In this way, the data formatter performs sign extension of the item, when reading it from the physical memory,
by padding the most significant bits of the data output with (copies of) the most significant bit of the item. This is appropriate
when the memory stores signed data (which may be positive or negative numbers) and the system uses the two’s-
complement representation for negative binary numbers. It allows signed data to be stored in the physical memory in
compacted form, while providing it to (for example) a processor in non-compacted form.
[0015] According to a second aspect of the invention, there is provided a memory access unit, for providing write-
access to write an item at an arbitrary location in a physical memory, independently of addressable locations of that
physical memory,
wherein the item comprises a first number of bits and each addressable location of the physical memory comprises a
second number of bits, the second number of bits being different from the first number of bits,
the memory access unit comprising:

an address input, for receiving an input memory address identifying the location of the item;
an address interpreter, configured to calculate a physical memory address from the input memory address;
an address output for supplying the physical memory address to an address-input of the physical memory;
a data input, for receiving the item to be written,
a data formatter, configured to insert the item in one or more data words suitable for writing to the physical memory; and
a memory output, configured to write the one or more data words to the physical memory;
wherein the address interpreter is configured to:

obtain a starting address in the physical memory and an item width, preferably comprising interpreting a first
part of the input memory address;
obtain an item number, comprising interpreting a second part of the input memory address; and
calculate the physical memory address, based on the starting address, the item number, and the item width, and

wherein the data formatter is configured to:

calculate the position of the item within the one or more data words, based on the item number and the item
width; and
insert the item into the one or more data words at the calculated position.

[0016] Whereas the memory access unit of the first aspect provided read-access to the data in the physical memory,
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the memory access unit of this aspect provides write-access. The advantages of providing write-access and read-access
are similar.
[0017] Preferably, the memory access unit is configured to receive the item via the data input with a bit-width that is
greater than the first number of bits. The input bit-width may be the same as or different from the second number of bits.
That is, the item has a bit-width that is equal to the first number of bits; it is stored in a physical memory in one or more
data words having a bit width equal to the second number of bits; but it is received (for example, from a processor) with
an input bit-width that can be independent of one or both of the first and second number of bits.
[0018] This allows items to be stored in a compacted structure in the memory, even though, when they are received
from the processor, they are received in a non-compacted format. The memory access unit may be configured to truncate
(that is, discard selected bits) of the received item before writing the item to the memory.
[0019] Preferably, a single memory access unit is configured to provide both read-access and write-access - thereby
combining the first aspect and the second aspect of the invention.
[0020] Accordingly, there is also provided a memory access unit, for providing access to an item at an arbitrary location
in a physical memory, independently of addressable locations of that physical memory,
wherein the item comprises a first number of bits and each addressable location of the physical memory comprises a
second number of bits, the second number of bits being different from the first number of bits,
the memory access unit having a read-mode and a write-mode and comprising:

an address input, for receiving an input memory address identifying the location of the item;
an address interpreter, configured to calculate a physical memory address from the input memory address;
an address output for supplying the physical memory address to an address-input of the physical memory;
a memory interface, configured to, in the read-mode, read one or more data words from the physical memory and,
in the write-mode, write one or more data words to the physical memory, the one or more data words including the item;
a data formatter, configured to, in the read-mode, extract the item from the one or more data words and, in the write-
mode, insert the item in the one or more data words; and
a data interface, configured to, in the read-mode, output the extracted item and, in the write-mode, receive the item
to be written to the physical memory,

wherein the address interpreter is configured to:

obtain a starting address in the physical memory and an item width, preferably comprising interpreting a first part
of the input memory address;
obtain an item number, comprising interpreting a second part of the input memory address; and
calculate the physical memory address, based on the starting address, the item number, and the item width, and

wherein the data formatter is configured to:

calculate the position of the item within the one or more data words, based on the item number and the item width; and
in the read-mode, extract the item from the one or more data words at the calculated position, and
in the write-mode, insert the item into the one or more data words at the calculated position.

[0021] The memory access unit of the second aspect preferably comprises a memory input for reading one or more
data words from the physical memory.
[0022] In order to write an item consisting of an arbitrary number of bits to memory at an arbitrary location, the memory
access unit may first read one or more data words from the memory. The memory access unit may then replace the bits
at the arbitrary location with the item to be written and may then write the one or more data words back into the memory.
This allows items to be written to locations that are not natively addressable by the memory, without affecting adjacent
bits of the data word (or words) in the memory.
[0023] The address interpreter may be configured to: detect that the item is located partly in a first data word of the
physical memory and partly in a consecutive second data word of the physical memory; calculate a first physical memory
address, being the address of the first data word, and calculate a second physical memory address, being the address
of the second data word, wherein the memory access unit is configured to: supply the first physical memory address to
the physical memory via the address output; read the first data word via the data input; supply the second physical
memory address to the physical memory via the address output; and read the second data word via the data input.
[0024] In this case, the memory access unit allows access to an item of data that is split across a word boundary. That
is, part of the item is stored at the end of the first data word and part of the item is stored at the start of the second data
word. The memory access unit can allow access to the item, seamlessly and transparently, without the device that is
accessing the data (such as a processor) being aware of the difficulty or needing to adopt any special measures to solve



EP 3 173 935 A1

5

5

10

15

20

25

30

35

40

45

50

55

it. In this way, the memory access unit can hide from the processor the details of how the data is organized in the memory.
[0025] For a read operation, the data formatter is configured to extract the item from the first data word and the second
data word at the calculated position. For a write operation, the data formatter is configured to insert the item into the first
data word and the second data word at the calculated position.
[0026] Optionally, the first part of the input memory address contains the starting address and the item width.
[0027] This can allow the address interpreter to obtain the starting address and item width directly and simply.
[0028] Alternatively, the first part of the input memory address may contain a configuration address for obtaining the
starting address and the item width.
[0029] The configuration address is preferably smaller in size (that is, it can be represented in fewer bits) than the
combined size of the starting address and the item width. In this case, by including a configuration address in the input
memory address instead of providing the starting address and item width directly, the first part of the input memory
address can be made smaller, allowing the second part of the input memory address to be larger. This can allow a
greater number of arbitrary address locations to be accessed.
[0030] The memory access unit may further comprise a plurality of configuration registers; the configuration address
may point to one of the configuration registers; and that one of the configuration registers contains the starting address
and the item width.
[0031] Storing the starting address and item width in a configuration register can allow fast access to this information,
without needing to include it in the input memory address.
[0032] The address interpreter is preferably configured to retrieve the starting address and the item width from the
configuration register to which the configuration address points.
[0033] In some embodiments, the configuration address may be an address in the physical memory; and the starting
address and the item width may be stored in the physical memory at the configuration address.
[0034] Storing the starting address and item width in the memory, instead of in configuration registers can allow a
greater number of blocks of memory to be accessed using the memory access unit. Typically, each block of memory to
be accessed may have a different starting address and/or item width. The number of configuration registers in the
memory access unit will typically be more limited than the size of the memory.
[0035] The memory access unit is preferably configured to retrieve the starting address and the item width from the
physical memory at the configuration address.
[0036] Optionally, the memory access unit further comprises a configuration cache, for storing a set of recently used
starting addresses and item widths.
[0037] Such a system can allow recently used configuration information (that is, starting addresses and item widths)
to be accessed quickly, while avoiding a limitation on the number of blocks of memory that can be accessed using the
memory access unit.
[0038] The memory access unit is preferably configured to determine whether the starting address and the item width
are stored in the configuration cache; if so, retrieve the starting address and the item width from the configuration cache;
and if not, retrieve the starting address and the item width from the physical memory at the configuration address.
[0039] The address interpreter is preferably adapted to detect that the input memory address lies within a predetermined
range of addresses and, in response, use the input memory address as the physical memory address.
[0040] By setting the physical memory address equal to the input memory address, the memory access unit can
implement a pass-through function, wherein it is invisible to the device supplying the input memory address. This allows
the device to access memory addresses within the predetermined range directly.
[0041] Memory addresses in a second predetermined range can be processed by the memory access unit as already
summarized above.
[0042] The memory access unit may further comprise a data cache, for storing a set of recently accessed data words.
[0043] The use of a data cache can speed up access to items in memory, by avoiding the need to access the memory
each time a processor wishes to access an item, if the item is already in the data cache.
[0044] In a memory access unit as summarized above, the first number of bits is preferably less than the second
number of bits.
[0045] The memory access unit can provide the greatest efficiency improvement when the items to be accessed have
smaller width than the data words of the memory (compared with a conventional data storage structure which stores
each item in a separate memory word).
[0046] According to another aspect, there is provided a system comprising:

a memory access unit (10) according to any one of the preceding claims; and
a physical memory (40), coupled to the memory access unit.
Optionally, this system may be provided in a single integrated circuit package. This may be a multi-chip package
or may contain a single monolithic integrated circuit device.



EP 3 173 935 A1

6

5

10

15

20

25

30

35

40

45

50

55

[0047] According to a further aspect, there is provided a system comprising:

a microprocessor;
a memory access unit according to any one of the preceding claims, coupled to the microprocessor; and
a physical memory, coupled to the memory access unit.

[0048] The microprocessor may be a microprocessor core and the memory access unit may be a hardware block.
These are preferably implemented in the same integrated circuit (that is, fabricated in a single, monolithic semiconductor
device).
[0049] Optionally, the microprocessor, the memory access unit, and the physical memory may be coupled to one
another via a multi-layer data communications bus.

Brief description of the drawings

[0050] Examples of the invention will now be described in detail, with reference to the accompanying drawings, in which:

Fig. 1 shows a block diagram of a memory access unit according to an embodiment of the invention;
Fig. 2 illustrates a memory access using the embodiment of Fig. 1;
Fig. 3 shows a block diagram of a memory access unit according to another embodiment of the invention, which
uses configuration registers;
Fig. 4 illustrates a memory access unit according to another embodiment of the invention, which stores configuration
information in memory;
Fig. 5 illustrates a memory access unit according to a modified version of the embodiment of Fig. 4, which uses
caches to temporarily store data and configuration information;
Fig. 6 illustrates the operation of a configuration cache and a data cache according to one exemplary embodiment
of the invention;
Fig. 7 illustrates sign-extension of a 12-data item to 16-bits according to an embodiment of the invention; and
Fig. 8 is a block diagram of an alternative system architecture, according to a further embodiment of the invention.

Detailed description of the preferred embodiments

[0051] Embodiments of the invention provide a memory access unit, for providing read- and write-access to an item
at an arbitrary location in a physical memory, independently of addressable locations of that physical memory. This
allows efficient storage and retrieval of data of any bit-width, in a way that is fully transparent for a processor wishing to
access the data, as well as for software running on that processor. In the examples described below, it is assumed that
the physical memory ("memory", for short) has a native 32-bit memory width, but those skilled in the art will understand
that the scope of the invention is not limited to this example. The examples below can be extended to other memory
widths, including but not limited to 8, 16, or 64 bits.
[0052] Typically, a microprocessor wants to access a stream of data not only strictly sequentially but also to have the
possibility to access it randomly, with random locations being accessed in a random order. This is possible in the system
shown in Fig. 1, where a memory access unit 10 is placed between a microprocessor core 50 and a memory 40. The
memory access unit comprises an address interpreter 20 and a data formatter 30. An address input 22 of the address
interpreter 20 is coupled to the microprocessor core 50, for receiving an input memory address identifying the location
of the item to be accessed. An address output 24 of the address interpreter 20 is coupled to the memory 40, for supplying
the physical memory address to an address-input of the memory.
[0053] A memory input 32 of the data formatter is coupled to the memory 40, for reading data words from the physical
memory. The one or more data words will include the item to be accessed.
[0054] For read-access, the data formatter 30 extracts the item from the one or more data words. A data output 34 of
the data formatter 30 is coupled to the microprocessor core 50, for outputting the extracted item to the microprocessor
core. For write-access, a data input 36 of the data formatter 30 is coupled to the microprocessor core, for receiving the
item to be written to the memory 40. The data formatter inserts the item in the one or more data words. A memory output
38 of the data formatter 30 is coupled to the memory 40 for writing the one or more data words to the memory 40, when
a write-access is performed.
[0055] The address interpreter 20 obtains a starting address in the physical memory 40 and an item width, by interpreting
a first part of the input memory address. It also obtains an item number, by interpreting a second part of the input memory
address. It then calculates the physical memory address - being the address of the data word in the memory that contains
the item (or at least the first portion of the item). The address interpreter 20 calculates the physical memory address
based on the starting address, the item number, and the item width. If the item is spread across two consecutive data
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words in the memory 40, then two physical memory addresses may need to be calculated.
[0056] The data formatter 30 calculates the position of the item within the data word (or words), according to the item
number and the item width. It then extracts the item from the data word(s), starting at the calculated position.
[0057] In greater detail, as illustrated in Fig. 2: when the read or write action is to a memory location in the range
between 0x8000.0000 and 0xFFFF.FFFF, the memory access unit uses some of the address bits of the input memory
address to translate this address to a physical memory address and item number within a compacted block in the physical
memory range. That is, an input memory address in the range 0x8000.0000 to 0xFFFF.FFFF is translated to a physical
memory address in the range 0x0000.0000 and 0x0000.FFFF.
[0058] After calculating the physical memory address and item number the memory access unit 10 performs the
reading, bit-shifting and optionally also modifying and writing autonomously, as requested by the microprocessor core
50. In the example illustrated in Fig. 2, bits 0-7 of the input address generated by the microprocessor core 50 indicate
the item number in the compacted array. Bits 8-23 indicate the starting address ("base address") of the compacted block
in the physical memory 40. Meanwhile, bits 24-29 indicate the sample width of each item in the compacted data stream.
It is assumed that the items have uniform size.
[0059] The calculation of the physical memory address and position of the item for a particular item at an arbitrary
location will now be described in detail in the following steps.
[0060] Step 1: Calculate the bit-address of the item: BIT_ADDRESS = ItemNumber * ItemWidth. Here, BIT_ADDRESS
is the address of the requested item, expressed in bits and excluding the StartAddress.
[0061] Step 2: Calculate the word address of the item: WORD_ADDRESS = StartAddress + BIT_ADDRESS / Mem-
oryWidth. Here, WORD_ADRESS is the physical memory address - the addressable memory location that contains at
least the first bit of the requested item. Some bits of the requested item may be contained in the subsequent memory
address. MemoryWidth is the memory width - which is 32, in the present example.
[0062] Step 3: Calculate the bit-offset of the item: BIT_OFFSET = BIT_ADDRESS % MemoryWidth. Here,
BIT_OFFSET is the bit number (within the addressable memory word) that contains the first bit of the requested item -
that is, the position of the item in the data word. Here, "%" means the modulo operator. For example, 29%32=29,
30%32=30, 31%32=31, 32%32=0, 33%32=1, etc.
[0063] In almost all practical implementations, MemoryWidth is a power of 2 (for example: 8, 16, 32, or 64); therefore,
the division operation in step 2 and the modulo operation in step 3 can be implemented by bit-shifting operations. In
step 2, the division operation "/" can be implemented by keeping the most significant bits of BIT_ADDRESS and discarding
the least significant bits. This is equivalent to truncating the result of the division to the nearest lower integer. For example,
if MemoryWidth = 32, the division operation can be implemented by discarding the 5 least significant bits, since 32 = 25.
In step 3, the modulo operation "%" can be implemented by keeping the least significant bits and discarding the most
significant bits. If MemoryWidth = 32, the modulo operation can be implemented by keeping the 5 least significant bits.
In other words, BIT_OFFSET is the remainder after dividing BIT_ADDRESS by MemoryWidth. This means that
WORD_ADDRESS can be calculated by adding to StartAddress the most significant bits of BIT_ADDRESS (discarding
the 5 least significant bits); and BIT_OFFSET is given by the 5 least significant bits of BIT_ADDRESS.
[0064] Note that it is not necessary to start the compacted stream of data on bit 0 of StartAddress: It is easy to add
an offset to the BIT_ADDRESS in step 1. In this way, the very first item of the stream could start (for example) at bit 10
of the StartAddress, instead of always at bit 0.
[0065] In the example of Fig. 2 the memory access unit 10 is configured such that any read or write access from the
microprocessor core 50 to the memory 40 in a certain address range of the memory (in this example between 0x0000.0000
and 0x0000.FFFF) is passed through directly to the memory. This allows the microprocessor core to access the memory
normally when no compaction of the data in the memory is needed. This feature may be used, for example, to read and
execute a software program that is stored in the memory 40.
[0066] The memory access unit 10 described above with reference to Fig. 2 obtains the information that it needs to
calculate the physical memory address and the item position directly from the 32-bit address supplied by the microproc-
essor core 50. The 32-bit address contains the item number, starting address, and item width. This has the limitation
that this information can be only 31 bits wide. (For reasons that will be explained below, the MSB is used as a flag, which
indicates to the memory access unit 10 that a compacted stream is being accessed.) In the exemplary bit assignment
shown in Fig. 2, the addressable physical memory where the compacted stream of data items is stored can be a maximum
of 64 Kbytes in size, and the maximum number of items in one compacted stream is 256.
[0067] Instead of including all of the information directly in the 32-bit address, the memory access unit 20 can comprise
a configuration register that stores part of the information. For example, the configuration register may store the bits that
encode the item width and/or the bits that encode the starting address, so that only the item number needs to be encoded
in the address bits. The configuration register can be configured by the microprocessor core 50 before the microprocessor
uses the memory access unit 10 to read from or write to a compacted memory stream.
[0068] If the memory access unit has a single configuration register, then the configuration register must be updated
each time that a different compacted stream is accessed. This may be troublesome - in particular, in multi-processor
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systems, where different processors may want to access different compacted data streams concurrently. To mitigate
this difficulty, a memory access unit can be provided with multiple configuration registers 60 and each of these can be
configured to point to a different compacted stream. Such an embodiment is illustrated in Fig. 3. In this embodiment,
the selection of which configuration register to use is encoded in the input memory address. For example, if there are
16 configuration registers and a 32-bit address space this would take 4 bits, which leaves 32-1-4 = 27 bits for the item
number. This is a significant improvement over the embodiment of Fig. 2.
[0069] A disadvantage of storing configuration information in multiple configuration registers, as in Fig. 3, is that only
a limited number of streams can be accessed at the same time. The maximum number of streams is determined by the
number of available configuration registers 60. If more streams need to be accessed than the number of configuration
registers, then at least some of the configuration registers must be re-programmed. This may be extremely complicated
in multi-processor systems, in which several different processors may want to access different compacted data streams
concurrently. Meanwhile, increasing the number of configuration registers (for example, to 256, 512, or 1024 configuration
registers) will occupy an increasing area of the semiconductor chip. This is costly.
[0070] A further solution is to store the configuration words in the memory 40, and to encode the physical address of
the configuration word in the input memory address. An example of this solution is illustrated in Fig. 4, using a 32-bit
input memory address. With this approach, the configuration registers 60 of Fig. 3 can be eliminated; therefore, the
example in Fig. 4 can be implemented with the hardware block diagram of Fig. 1.
[0071] The solution of Fig. 4 is different from the one illustrated in Fig. 2, because the item width of the stream (and
optionally also other information) does not need to be encoded in the 32-bit input memory address. The physical address
range where the configuration words are stored in the memory 40 does not need to be very large. In this example, only
the address range between 0x0000.0000 and 0x0000.0200 is used. This means that the configuration address only
requires 9 bits, leaving more bits to encode the item number in the 32-bit input memory address.
[0072] In the embodiment of Fig. 4, each time that the microprocessor core 50 wants to access a compacted stream
of data, the memory access unit 10 must first read the relevant configuration word from memory. Only after that can the
compacted stream be read from or written to physical memory 40. This means that, for each item that is read from the
compacted stream, at least two memory accesses are needed - a first read-access to read the configuration word, and
then a second read-access to read the actual item. If the compacted item happens to be distributed over two consecutive
data words in the physical memory 40 (for example, as shown for item #4 in Fig. 4), then three memory accesses are
needed.
[0073] For writing an item to a compacted stream, at least three memory access are needed - a first read-access to
read the configuration word, a second read-access to read the data word containing the item location, and then a write-
access to write back the modified data word, containing the item. If the item happens to be distributed over two consecutive
physical addresses (data words), then five memory access will be required.
[0074] In order to speed up the read and write processes, caches can be used. An embodiment of the invention which
includes a configuration cache 70 and a data cache 80 is illustrated in Fig. 5.
[0075] Firstly, the cache 70 for configuration words will be described. The configuration cache 70 is adapted to store
the last X most recently used configuration words. Here, X is an integer, which can be from 1 to 16, for example. If the
microprocessor core 50 accesses one of the X most recently access compacted streams, then the configuration word
for that stream can be found in the cache 70, and therefore does not need to be retrieved from the physical memory 50.
This speeds up access to items in a compacted stream.
[0076] The difference between the configuration cache 70 and having multiple configuration registers 60 (Fig. 3) is
that the cache 70 can be smaller than the number of compacted streams that are accessed simultaneously. However,
there will be a small performance penalty, when each stream is accessed for the first time, or for the first time after its
configuration information has been deleted from the cache. The administration of the configuration words that are stored
in the cache 70 can be done automatically and locally by the memory access unit 10, which avoids problems that might
arise when multiple processors are attempting to access multiple compacted streams concurrently.
[0077] In a typical application, much of the time (but not always), the data in a compacted stream is not accessed in
a random order but accessed more or less sequentially. For example, if the microprocessor core 50 is calculating the
output of a Finite Impulse Response (FIR) filter with different coefficients for every item in the stream, it will typically
access the items in the stream sequentially. For this reason, a data cache 80 can also help to reduce the number of
memory transfers that are needed between the memory access unit 10 and the memory 40.
[0078] In one example, for every line (word) in the configuration cache 70, there are also two lines in the data cache
80. This is illustrated in Fig. 6. The very first time an item in a stream is read, the data cache for that stream needs to
be filled. This requires two memory read accesses (excluding the read-access to read the configuration information).
After that, depending on the bit-width of the items in the compacted stream, multiple items may be contained in the
cache already. If the microprocessor core 50 attempts to read the next item in the compacted stream, there is a high
chance that this item is already in the cache and no memory access will be needed to retrieve the item.
[0079] For writing, the data cache 80 offers a potentially even larger performance improvement, because the data can
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be modified directly in the cache. While the microprocessor core 50 is already executing the next instructions, the memory
access unit 10 then has still time to update the physical memory content according to the dirty cache lines. (Here "dirty"
refers to a cache line that has been modified in the cache, and this modification has not yet been written to the physical
memory 50.) In this example, the data cache has two lines, on the assumption that a compacted data element can be
distributed over two consecutive data words in the physical memory 40.
[0080] In Fig. 6, three configuration cache lines are shown, labeled Configuration cache 1, 2 and 3. Each configuration
cache line also has an associated data cache of two lines, labeled Data cache line x.1 and Data cache line x.2. Each
data cache line has a bit flag ’V’ that indicates whether the data in that cache line is valid (that is, has already been read
from memory) and a bit flag ’D’ that indicated whether the data in the cache line is dirty (that is, has been modified but
not yet written to memory). The address that is being cached in the data cache lines is stored in the respective Data
cache address 1, 2 and 3 Slightly different possible implementations (with slightly lower performance) include having
only one ’valid’ flag for both of the data cache lines belonging to each configuration cache, which means that both cache
lines always need to be retrieved. Alternatively or in addition, it may be possible to provide just one ’dirty’ flag for both
data cache lines belonging to each configuration cache, which means that both cache lines need to be written to memory,
even if only one is dirty.
[0081] As mentioned above, in Fig. 6, every data cache line has its own ’valid’ flag. This is potentially beneficial
because, when the item requested by the microprocessor core 50 is contained wholly in a single data word of the physical
memory 40 (as the case, for example, for items 0, 1, 2, 3, 5, 6, 7, and 8 in Fig. 4), then initially only a single data word
needs to be read from the physical memory 40. The item can then already be returned by the memory access unit 10
to the microprocessor core 50, either during or before the retrieval of the second cache line from the memory 40. As a
result, the microprocessor can start executing the next instruction earlier, while the memory access unit 10 can then
retrieve the second cache line from memory in the "background". This improves the performance of the system.
[0082] As mentioned earlier above, the microprocessor core 50 will often read from the compacted stream in sequential
manner. That means that when the microprocessor core 50 reads an item that is contained in (or at least starts in) the
second data cache line, it is very likely that it will not need access to the items in the first data cache line anymore. To
take advantage of this, when the memory access unit 10 determines that the items contained in the second cache line
are being accessed, it can (in the back ground) move the content of the second cache line to the first cache line, and
after that fill the second cache line with the subsequent data word retrieved from memory. It can do this even before the
microprocessor core 50 attempts to access the items in this subsequent data word. In this way, it is possible to avoid
any performance penalty when accessing a compacted stream in a sequential manner. This further improves the per-
formance of the system.
[0083] In many cases, the data items stored in the compacted memory will comprise signed data, wherein positive
numbers as well as negative numbers can be stored. A common way to represent negative numbers is using so-called
two’s-complement notation. However, when data is retrieved from a compacted data stream using a memory access
unit according to an embodiment of the present invention, the data item may have a width that is narrower than the data
width expected by the microprocessor core 50. For example, each retrieved item may be 7 or 12 bits wide. Without any
additional processing, this data item would not conform to two’s-complement arithmetic on an 8-, 16-, or 32-bit micro-
processor 50. To provide the item in the correct format and width expected by the microprocessor core 50, sign-extension
is needed. This means that the memory access unit 10 copies the value contained in the most significant bit of the data
into the "unused" bits of the 8-, 16-, or 32-bit wide word to be output to the microprocessor core 50. This process is
illustrated in Fig. 7. The effect of sign-extension (or failing to perform sign-extension) is shown in the table below. As
shown in the first three rows of the table, the binary representations of -2048, -2, and -1 will be misinterpreted as 2048,
4094, and 4095, respectively, without sign-extension.
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[0084] The sign-extension functionality can be implemented in the memory access unit 10. Optionally, the sign-ex-
tension functionality can be enabled or disabled. The setting for enabling or disabling the sign-extension functionality
for a particular compacted data stream can be stored in the configuration word of that stream. Alternatively, the enabling
and disabling of sign-extension can be switched on and off universally for all streams.
[0085] Various modifications are possible to the embodiments described above. In the embodiments pictured in Figs.
1, 3, and 5, the memory access unit 10 is placed between the microprocessor core 50 and the memory 40, and is directly
coupled to each. However, in some advanced microprocessor systems a multi-layer bus is used for communication
between the various blocks in the system. An example of this type of architecture is the Advanced High-performance
Bus (AHB), a protocol introduced in Advanced Microcontroller Bus Architecture version 2 published by ARM Ltd.
[0086] The present invention can be implemented in the context of this type of architecture. The block diagram of Figs.
1, 3, and 5 can be replaced by the block diagram shown in Fig. 8. In Fig. 8, the memory access unit 110 is a unit that
acts as an AHB-slave (S) as well as an AHB-master (M) on the multi-layer AHB bus 105. When the microprocessor core
150 wants to access a memory address in the range of 0x0000.0000 - 0x0000.FFFF, the multi-layer AHB bus 105
couples the microprocessor core 150 (master) directly to the memory 140 (slave) via one of the two layers of the AHB-
bus 105. In this case, the memory access unit 110 is inactive.
[0087] When the microprocessor core 150 wants to access a memory address in the range 0x8000.0000 -
0xFFFF.FFFF, the multi-layer AHB bus 105 couples the microprocessor core 150 (master) to the slave interface of the
memory access unit (for example, via Layer 1 of the bus 105). The memory access unit 110 messages the microprocessor
core 150 to wait and, in the meantime, communicates to the memory 140 via the AHB master interface of the memory
access unit 110 (for example, via Layer 2). This is the situation illustrated in Fig. 8. After the memory access unit 110
has finished its operations with the memory 140, it instructs the microprocessor core 150 that it can continue execution
again, and - in the case of a read-access - also returns the item that it has retrieved from the memory.
[0088] Memory access units according to embodiments of the present invention can be embedded in most microcon-
troller or microprocessor architectures, to allow efficient storage and retrieval of data of any bit-width, in a manner that
is fully transparent for the hardware and software of the microprocessor.
[0089] Various other modifications will be apparent to those skilled in the art.

Claims

1. A memory access unit (10), for providing read-access to read an item from an arbitrary location in a physical memory
(40), independently of addressable locations of that physical memory,
wherein the item comprises a first number of bits and each addressable location of the physical memory comprises
a second number of bits, the second number of bits being different from the first number of bits,
the memory access unit comprising:

an address input (22), for receiving an input memory address identifying the location of the item;
an address interpreter (20), configured to calculate a physical memory address from the input memory address;
an address output (24) for supplying the physical memory address to an address-input of the physical memory
(40);
a memory input (32) for reading one or more data words from the physical memory, the one or more data words
including the item;
a data formatter (30), configured to extract the item from the one or more data words; and
a data output (34), for outputting the extracted item,
wherein the address interpreter (20) is configured to:

obtain a starting address in the physical memory and an item width, preferably comprising interpreting a
first part of the input memory address;
obtain an item number, comprising interpreting a second part of the input memory address; and
calculate the physical memory address, based on the starting address, the item number, and the item width,
and

wherein the data formatter (30) is configured to:

calculate the position of the item within the one or more data words, based on the item number and the
item width; and
extract the item from the one or more data words at the calculated position.
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2. The memory access unit (10) of claim 1, wherein:

the data output comprises a third number of bits that is greater than the first number of bits; and
the data formatter (30) is configured to:

set the first number of least significant bits of the data output equal to the extracted item; and
set the remaining bits of the data output equal to the most significant bit of the extracted item.

3. A memory access unit (10), for providing write-access to write an item at an arbitrary location in a physical memory
(40), independently of addressable locations of that physical memory,
wherein the item comprises a first number of bits and each addressable location of the physical memory comprises
a second number of bits, the second number of bits being different from the first number of bits,
the memory access unit comprising:

an address input (22), for receiving an input memory address identifying the location of the item;
an address interpreter (20), configured to calculate a physical memory address from the input memory address;
an address output (24) for supplying the physical memory address to an address-input of the physical memory;
a data input (36), for receiving the item to be written,
a data formatter (30), configured to insert the item in one or more data words suitable for writing to the physical
memory (40); and
a memory output (38), configured to write the one or more data words to the physical memory;
wherein the address interpreter (20) is configured to:

obtain a starting address in the physical memory and an item width, preferably comprising interpreting a
first part of the input memory address;
obtain an item number, comprising interpreting a second part of the input memory address; and
calculate the physical memory address, based on the starting address, the item number, and the item width,
and

wherein the data formatter (30) is configured to:

calculate the position of the item within the one or more data words, based on the item number and the
item width; and
insert the item into the one or more data words at the calculated position.

4. The memory access unit of claim 3, further comprising a memory input (32) for reading one or more data words
from the physical memory.

5. The memory access unit of any one of claims 1, 2, or 4,
wherein the address interpreter (20) is configured to:

detect that the item is located partly in a first data word of the physical memory and partly in a consecutive
second data word of the physical memory;
calculate a first physical memory address, being the address of the first data word, and
calculate a second physical memory address, being the address of the second data word,

wherein the memory access unit (10) is configured to:

supply the first physical memory address to the physical memory (40) via the address output (24);
read the first data word via the data input (32);
supply the second physical memory address to the physical memory (40) via the address output (24); and
read the second data word via the data input (32).

6. The memory access unit of any one of the preceding claims, wherein the first part of the input memory address
contains the starting address and the item width.

7. The memory access unit of any one of claims 1 to 5, wherein the first part of the input memory address contains a
configuration address for obtaining the starting address and the item width.
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8. The memory access unit of claim 7, wherein:

the memory access unit further comprises a plurality of configuration registers (60);
the configuration address points to one of the configuration registers; and
that one of the configuration registers contains the starting address and the item width.

9. The memory access unit of claim 7, wherein:

the configuration address is an address in the physical memory; and
the starting address and the item width are stored in the physical memory at the configuration address.

10. The memory access unit of claim 9, wherein the memory access unit further comprises a configuration cache (70),
for storing a set of recently used starting addresses and item widths.

11. The memory access unit of any one of the preceding claims, wherein the address interpreter is adapted to detect
that the input memory address lies within a predetermined range of addresses and, in response, use the input
memory address as the physical memory address.

12. The memory access unit of any one of the preceding claims, further comprising a data cache (80), for storing a set
of recently accessed data words.

13. A system comprising:

a memory access unit (10) according to any one of the preceding claims; and
a physical memory (40), coupled to the memory access unit.

14. The system of claim 13, further comprising a microprocessor (50) coupled to the memory access unit (10).

15. The system of claim 14, wherein the microprocessor (50), the memory access unit (10), and the physical memory
(40) are coupled to one another via a multi-layer data communications bus (90).
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